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5 

The invention relates to a data commiinication device according to 
the preamble of Claim 1 and to data commiinication methods according 
to the preambles of Claims 9 and 10. 

10 For transmitting data, transmission signals are transmitted over, 

for example, twisted pairs from a (first) data communication device, 
for example from a transmitting/receiving device, to one or more 
other data communication devices, for example to other transmit- 
ting/receiving devices, and vice versa. The (first) transmit- 

15 ting/receiving device can be, for example, an electronic module 

which is provided in an EWSD (EWSD: German abbreviation of "Elec- 
tronic Switching System, Digital") terminating switching center and 
has several modems (modem: modulator /demodulator ) . 

20 Connected to each modem is a subscriber line, for example one or 

more twisted pairs, via which corresponding transmission signals are 
in each case transmitted to, for example, an electronic module pro- 
vided on a subscriber termination (and via which corresponding 
transmission signals are transmitted from the subscriber termination 

25 module to the terminating switching center modem) . 

Data communication between the EWSD terminating switching center and 
subscriber termination can take place on the basis of, for example, 
POTS (Plain Old Telephone Service), ISDN (Integrated Services Digi- 
30 tal Network) , or xDSL (x Digital Subscriber Line) data transmission 
protocols, for example by means of ADSL data transmission or, as the 
case may be, according to the ITU G. 992.1 (G.dmt) or, as the case 
maybe, ITU G. 992. 2 (G.Lite) standards. 

35 In the case of data communication according to an xDSL protocol, use 
is made of several frequency bands (bins) above those employed for 
POTS or, as the case may be, ISDN (voice) data transmission. For 
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transmitting data in a specific frequency band it is possible to 
use, for example, a cosine oscillation whose frequency is located 
in, for example, the mid range of the corresponding frequency band. 

5 As an example, each bit or bit sequence being transmitted can be al- 
located (making use, for example, of a constellation diagram) a co- 
sine oscillation having a specific amplitude and phase. The respec- 
tively transmitted bit or, as the case may be, bit sequence can be 
determined in the receiving device from the amplitude and phase of 
10 the respectively received cosine oscillation. 

In the case of integrated solutions for POTS or, as the case may be, 
ISDN (voice) data and DSL data transmission (referred to as inte- 
grated voice/data transmission) , the POTS or, as the case may be, 

15 ISDN (voice) data path and DSL data path are located parallel to 

each other in the respective EWSD terminating switching center or, 
as the case may be, respective subscriber termination. To suppress 
mutual interference between the paths, the DSL data path is con- 
nected via a high-pass filter, for example a capacitance-coupled 

20 transformer, and the POTS or, as the case may be, ISDN (voice) data 
path is connected via a low-pass filter, for example a choke. 

Provided the POTS or, as the case may be, ISDN (voice) data path 
does not chamge its operating state, which is to say as long as it 
25 remains in an activated or, as the case may be, deactivated mode, 

the input impedance of the EWSD terminating switching center or, as 
the case may be, subscriber termination will remain constant so that 
a DSL data connection can be set up without any problems and can be 
maintained without the need for retraining processes. 

30 

Conversely, a change in the operating mode of the POTS or, as the 
case may be, ISDN (voice) data path in the respective EWSD terminat- 
ing switching center or, as the case may be, subscriber termination 
will result in a change in the input impedance of said switching 
35 center or, as the case may be, termination and hence to changes in 
the amplitude and phase of the cosine oscillations used for DSL 
transmission and received by the respective terminating switching 
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center or, as the case may be, subscriber termination. Depending on 
the magnitude of the changes, this can lead to bit errors or may ne- 
cessitate terminating and renewing the DSL data connection (referred 
to as ''retraining") . 

5 

The object of the invention is to make a novel kind of data communi- 
cation device and novel kinds of data communication methods avail- 
able . 

10 The invention achieves these and further objectives by means of the 
items in Claims 1, 9, and 10. Advantageous developments of the in- 
vention are described in the subclaims . 

According to a basic concept of the invention, a data communication 

15 device is provided by means of which different signals can be ex- 
changed with another data communication device using one and the 
same line and utilizing different frequency ranges, with said data 
communication device having a first signal exchange device, in par- 
ticular a first interface device, that is activated if signals are 

20 to be exchanged with the other data communication device utilizing a 
first frequency range, and a second signal exchange device, in par- 
ticular a second interface device, that is used in order to exchange 
signals with the other data communication device utilizing a second 
frequency range, characterized in that the first signal exchange de- 

25 vice will be activated even if signals are to be exchanged with the 
other data communication device using the second signal exchange de- 
vice and utilizing the second frequency range in order to avoid 
changes in line impedance that otherwise occur when the first signal 
exchange device is activated or deactivated and that disturb the 

30 signal exchange via the second frequency range (Claim 1) . 

According to a further aspect of the invention, a data communication 
device is provided by means of which different signals can be ex- 
changed with another data communication device using one and the 
35 same line and utilizing different frequency ranges, with said data 
communication device having a first signal exchange device that is 
activated if signals are to be exchanged with the other data commu- 
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nication device utilizing a first frequency range, and a second sig- 
nal exchange device that is used in order to exchange signals with 
the other data communication device utilizing a second frequency 
range, characterized in that the data communication device has a de- 
5 termining device by meeuis of which it is determined whether changes 
in line impedance occurring when the first signal exchange device is 
activated or deactivated will lead to bit errors or an excessively 
high bit error rate during the signal exchange carried out using the 
second signal exchange device and utilizing the second frequency 
10 range (Claim 2). 

Particular preference is accorded to an embodiment in which, when it 
is determined that changes in line impedance occurring when the 
first signal exchange device is activated or deactivated will lead 

15 to bit errors or an excessively high bit error rate, the first sig- 
nal exchange device will be activated even if signals are to be ex- 
changed with the other data communication device using the second 
signal exchange device and utilizing the second frequency range, and 
the first signal exchange device will otheraise only be activated if 

20 signals are to be exchanged with the other data communication device 
using the first signal exchange device and utilizing the first fre- 
quency range. 

POTS voice signals, for example, can be transmitted via the first 
25 frequency range and DSL signals, for example, can be transmitted via 
the second frequency range as well as via other frequency ranges, 
for example a third, .fourth, and fifth frequency range. These are 
coded by means of, for example, a QAM method. 

30 Particular preference is accorded to an embodiment of the invention 
in which, when it is determined that changes in line impedance oc- 
curring when the first signal exchange device is activated or deac- 
tivated will lead to bit errors or an excessively high bit error 
rate, the allocation of bits or bit sequences to the second or third 

35 (DSL) frequency range (and/or the bit allocation to the other (DSL) 
frequency ranges) will be changed. 
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The invention is explained in more detail below with the aid of sev- 
eral exemplary embodiments and the attached drawing. 

Figure 1 is a schematic of a data commiinication system having 
5 transmitting/receiving devices according to the present 

invention; 

Figure 2 is a schematic of the frequency bands used by a transmit- 
ting/receiving device according to the invention for POTS 
10 or, as the case may be, ISDN and for DSL data transmis- 

sion; 

Figure 3 is a schematic of a constellation diagram used for DSL 
data transmission; and 

15 

Figure 4 is a detailed schematic of a transmitting/receiving de- 
vice used in the case of the data communication system 
according to Figure 1 . 

20 Figure 1 shows an example of a data communication system 1 according 
to the present invention. 

The data communication system 1 has a terminating switching center 
11 (in this case an EWSD Electronic Switching System, Digital) con- 

25 nected to a telephone network (in this case the public telephone 

network 10) . Provided in the terminating switching center 11 are a 
plurality of transmitting/receiving devices 15 each connected via 
subscriber lines 12, for example twisted pairs, to transmit- 
ting/receiving devices 14 located in subscriber termination devices 

30 13. The twisted pairs consist in each case of two wires 12a, 12b. 
Differential or, as the case may be, symmetrical signals are used 
for transmitting data over the respective pairs. 

Data communication between the transmitting/receiving devices 15 
35 provided in the terminating switching center 11 and the transmit- 
ting/receiving devices 14 of the subscriber termination devices 13 
takes place using POTS (Plain Old Telephone Service) or, as the case 



may be, ISDN (Integrated Services Digital Network) (voice) data 
transmission, and also using xDSL (x Digital Subscriber Line) data 
transmission. 

5 According to Figure 2, several frequency bands (bins) 6a, 6b, 6c, 6d 
that are above a frequency fl and are located within a frequency 
range 6 are employed for the xDSL data transmission. The frequency 
range 5 below the frequency fl is used for conventional POTS or, as 
the case may be, ISDN (voice) data transmission, fl is approximately 
10 25 to 35 kHz, in particular 3 0 kHz, in the case of POTS data trans- 
mission and approximately 130 kHz in the case of ISDN data transmis- 
sion. 

A QAM method, for example, can be used for DSL data transmission be- 
15 tween corresponding terminating switching center transmit- 
ting/receiving devices 15 and subscriber transmitting/receiving de- 
vices 14 (and vice versa) . Cosine oscillations whose frequencies can 
in each case be located in, for instance, the mid range of the cor- 
responding frequency band 6a, 6b, 6c, 6d, 6e are here used for each 
20 frequency band 6a, 6b, 6c, 6d, 6e. 

The data being transmitted can.be coded in a cosine oscillation us- 
ing, for instance, the constellation diagram 16 shown in Figure 3. 
Said diagram has several concentric circles each assigned a cosine 

25 oscillation amplitude of a specific magnitude Al, A2, A3. Located on 
each circle - with in each case different angles <pl, cp2, <p3 or, as 
the case may be, <p4 - are several (in this case 16) points a, b, c, 
d, e, f each allocated one of several different bits or bit se- 
quences (in this case 16 different 4-bit sequences with, for exam- 

30 pie, bit sequence *'1010" being allocated to point a and bit sequence 
'*1010" being allocated to point b, etc.). 

Each of the above-mentioned angles cpl, (p2, (p3 or, as the case may 
be, (p4 is assigned a corresponding phase shift of a cosine oscilla- 
35 tion with reference to a clock running synchronously in the termi- 
nating switching center transmitting/receiving device 15 and sub- 
scriber transmitting/receiving devices 14 (or, as the case may be. 
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with reference to a pilot tone transmitted by the respective trans- 
mitting/receiving device 14, 15) , 

Data transmission within the respective frequency band 6a, 6b, 6c, 
5 6d (bins) can take place with the aid of, for example, a cosine os^ 
cillation via whose amplitude and phase shift in each case one of 
the above-mentioned bits or, as the case may be, bit sequences is 
identified. The respectively transmitted bit or, as the case may be, 
bit sequence can be determined in the respective transmit- 
10 ting/receiving device 14, 15 - with the aid of a constellation dia- 
gram corresponding to the above-mentioned constellation diagram 16 - 
from the amplitude and phase shift of the respectively received co- 
sine oscillation. 

15 Figure 4 is a detailed schematic of the transmitting/receiving de- 
vice 14 provided in the subscriber termination device 13 . The termi- 
nating switching center transmitting/receiving device 15 provided in 
the terminating switching center 11 and connected to the subscriber 
transmitting/receiving device 14 is structured analogously similarly 

20 to the subscriber transmitting/receiving device 14 shown in Figure 
4. 

The subscriber transmitting/receiving device 14 has a TIP terminal 
and a RING terminal to which in each case one of the two wires 12a 
25 or, as the case may be, 12b of the above-mentioned subscriber line 
12 is connected. w 

The TIP terminal and RING terminal are each connected via two lines 
60, 61 to a choke 62, 63. The chokes 62, 63 are connected via two 
30 lines 33, 35 to a voice-data interface circuit 2a (in this case an 

SLIC Subscriber Line Interface Circuit) or, as the case may be, to a 
voice-line driver circuit 2a. 

By mecuis of the low-pass filter formed by the chokes 62, 63 it is 
35 ensured that when the voice-data interface circuit 2a (see below) is 
in the active operating mode, preferably - which is to say in accor- 
dance with the frequency-dependant attenuation - the only signals 
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forwarded to the voice-data interface circuit 2a are those whose 
frequency is below the above-mentioned frequency fl (approximately 
30 kHz) , which is to say with which conventional POTS or, as the 
case may be, ISDN data is transmitted (see Figure 2) . 

5 

According to Figure 4, the TIP terminal and RING terminal are fur- 
thermore each connected via two further lines 64, 65 to a capacitor 
66, 67. The first capacitor 66 is connected to a first terminal of a 
transformer 68 and the second capacitor 67 is connected to a second 
10 terminal of the transformer 68. The transformer 68 is connected via 
two lines 69, 7 0 to a DSL-data interface circuit 2b or, as the case 
may be, to a data- line driver circuit 2b. 

By means of the high-pass filter formed by the capacitors 66, 67 and 
15 the transformer 68 it is ensured that preferably - which is to say 
in accordance with the frequency-dependant attenuation - the only 
signals forwarded to the DSL-data interface circuit 2b are those 
whose frequency is above the above-mentioned frequency fl (approxi- 
mately 30 kHz), which is to say those signals with which DSL data is 
20 transmitted (see Figure 2) . 

The transformer 68 must be free of direct current because it must 
not short-circuit the feeding direct current or ringing current in 
the voice-data interface circuit 2a. 

25 

As is further shown in Figure 4, the voice-data interface circuit 2a 
is connected to an analog/digital converting device 3a which is in 
turn connected to a digital signal processor DSP (DSP: Digital Sig- 
nal Processor) 71 ("voice path"). 

30 

The DSL-data interface circuit 2b is analogously connected to an 
analog/digital converting device 3b which is in turn connected to a 
digital signal processor 72 ("data path"). 

35 For transmitting DSL data the digital data signal respectively being 
transmitted, for example an appropriately converted signal of such 
type sent out by a corresponding computer, is routed via a line 84 
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from the digital signal processor 72 to the analog/digital convert- 
ing device 3b, converted there into an analog data signal, and for- 
warded via corresponding lines 78, 79 to the interface circuit 2b. 

5 In the interface circuit 2b the signal made available via the line 
78 is amplified in a first signal amplifying device 4c and the sig- 
nal made available via the line 79 is amplified in a second signal 
amplifying device 4d so that - with resistors 80, 81 connected to 
the above-mentioned lines 69, 7 0 being inserted intermediately - the 
10 corresponding differential or, as the case may be, symmetrical data 
signals will then be fed out at the outputs of the interface circuit 
2b (and hence finally on the TIP/RING terminal pair) by the signal 
amplifying devices 4c, 4d. 

15 For receiving DSL data the magnitude of the currents flowing on the 
lines 64, 65 connected to the TIP or, as the case may be, RING ter- 
minal (or, as the case may be, quantities representing said cur- 
rents) is measured by the interface circuit 2b. 

20 For this purpose the current flowing through the resistor 80 (or, as 
the case may be, the resistor 81) is tapped in the interface circuit 
2b by means of two lines 82a, 82b (or, as the case may be, with the 
aid of two lines 83a, 83b) and the corresponding signals are routed 
via the lines 82a, 82b (or, as the case may be, 83a, 83b) to the 

25 analog/digital converting device 3b. The analog data signals are ap- 
propriately converted there and a digital signal corresponding to 
the received DSL signal is routed via a line 77 to the digital sig- 
nal processor 72 . 

30 This allows sampling of any DSL data signals sent from the terminat- 
ing switching center 11 via the wire pair 12a, 12b to the subscriber 
termination device 13 and from the termination device 13 to the ter- 
minating switching center 11. 

35 For transmitting POTS or, as the case may be, ISDN (voice) data the 
digital (voice) data signal respectively being transmitted, for ex- 
ample an appropriately converted signal of such type sent out by a 
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telephone microphone, is routed via a line 17 from the digital sig- 
nal processor 71 to the analog/digital converting device 3a, con- 
verted there into an analog (voice) data signal, and forwarded via a 
line 18 to the interface circuit 2a. 

5 

In the interface circuit 2a the (voice) data signal is routed via a 
line 19 to a first signal amplifying device 4a (for example an op- 
erational amplifier) and via a line 20 to a second signal amplifying 
device 4b (for example an operational amplifier) . 

10 

As is explained in greater detail below, the first signal amplifying 
device 4a is connected via a switch 73 to the line 33, and hence via 
the choke 62 to the TIP terminal, and the second signal amplifying 
device 4b is connected via a switch 74 to the line 35, and hence via 
15 the choke 63 to the RING terminal, so that when the switches 73, 74 
are in a closed, which is to say conducting state ("active operating 
mode"), the corresponding differential or, as the case may be, sym- 
metrical (voice) data signals can then be applied by the signal am- 
plifying devices 4a, 4b to the TIP/RING terminal pair. 

20 

The magnitude of the currents flowing on the lines 33, 35 connected 
to the TIP or, as the case may be, RING terminal are measured in the 
active operating mode by current sensor devices 36, 37. 

25 The first current sensor device 36 is connected between the first 

signal amplifying device 4a and the switch 73 and the second current 
sensor device 37 is connected between the second signal amplifying 
device 4b and the switch 74. 

30 The current sensor devices 36, 37 supply a signal representing the 
magnitude of the respectively flowing current to a control unit 40a 
via corresponding lines 38, 39. 

This allows any analog POTS or, as the case may be, ISDN (voice) 
35 data signals sent from the terminating switching center 11 via the 
wire pair 12a, 12b to the subscriber termination device 13 and from 
the termination device 13 to the terminating switching center 11 to 
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be sampled and forwarded via a line 48 to the analog/digital con- 
verting device 3a at whose output a digital (voice) signal ("voice'') 
is then made available which is forwarded to the digital signal 
processor 71 via a line 49. 

5 

During transition from the active to the passive operating mode the 
switches 73, 74 are, as explained in greater detail below, put into 
a non-conducting state and a further switch 41a connected to the 
line 33 as well as two further switches 40, 41b connected to the 
10 line 35 are put into a closed, which is to say conducting state. 

The first switch 41a is connected - apart from to the line 33 con- 
nected to the TIP terminal - to a first high-value resistor 42 (in 
this case a resistor having a resistance Rl of from 1 to 10 kQ) . The 
15 second switch 41b is analogously connected - apart from to the line 
3 5 connected to the RING terminal - to a second high-value resistor 
43 (in this case a resistor having a resistance R2 of from 1 to 
10 kQ) . 

20 The first resistor 42 is connected to a current sensor device 44, 

which is in turn connected to a positive supply voltage U+, and the 
second resistor 43 is connected to a current sensor device 45, which 
is in turn connected to a negative supply voltage U.. 

25 When the switches 41a, 41b have closed, a current can flow from the 
positive supply voltage U+ via the current sensor device 44, the 
first resistor 42, and the first switch 41a to the with line 33 con- 
nected to the TIP terminal, from said line to the line 35 connected 
to the RING terminal, and via the second switch 41b, the second re- 

30 sistor 43, and the current sensor device 45 on to the negative sup- 
ply voltage U. . 

The magnitude of the currents flowing through the first or, as the 
case may be, second resistor 42, 43 is measured by the current sen- 
35 sor devices 44, 45. Said devices supply a signal representing the 
magnitude of the respectively flowing current to the control unit 
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40a via corresponding lines 46, 47 (sampling of the wires 12a, 12b 
in the passive operating mode) . 

As is further shown in Figure 4, the above-mentioned switch 40 is 
5 connected - apart from to the line 35 connected to the RING termi-. 
nal - to a resistor 7 5 which is in turn connected via a capacitor 76 
to the line 33 connected to the TIP terminal. 

The RC combination comprising the resistor 75 and the capacitor 7 6 
10 is dimensioned such that the input impedance of the voice-data in- 
terface circuit 2a is (as far as possible) identical or, as the case 
may be, substantially identical in the passive operating mode to its 
input impedance in the active operating mode (an input impedance is 
synthesized there in the line drivers 4a and 4b which has a cut-off . 
15 frequency fl of approximately 30 kHz and which assumes approximately 
the value of R75 for higher frequencies) . 

The remaining, minor change in impedance occurring during switchover 
between operating modes is due partly to component tolerances. Said 
20 change in impedance impacts especially on those frequency bands or, 
as the case may be, bins 6a, 6b used for DSL data transmission where 
the respectively transmitted cosine oscillations have a relatively 
low frequency (because the impedance of the chokes 62, 63 is rela- 
tively low in the case of these frequencies) . 

25 

The remaining change in impedance is so small that the resulting 
changes in the amplitude of the transmitted cosine oscillations are 
<0.1 dB and the resulting phase changes are <10°. 

30 It is nevertheless conceivable for amplitude and phase changes of 

said type to be sufficiently large to lead to bit errors and/or ne- 
cessitate terminating and renewing the DSL data connection (referred 
to as "retraining") , 

35 To avoid bit errors or, as the case may be, retraining processes, 

the method described below (Method I) , for example, is used for the 
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transmitting/receiving device 14 shown here (and analogously also 
for the transmitting/receiving device 15, for example) : 

When the DSL data connection (training phase) is being set up, ac- 
5 cording to the DSL standard each frequency band 6a, 6b, 6c, 6d (bin) 
is allocated (for example under the control of the digital signal 
processor 72) a specific number of bits or, as the case may be, bit 
sequences (see the constellation diagram 16 shown in Figure 3), as a 
function of the signal-to-noise ratio applying to the respective 
10 frequency band 6a, 6b, 6c, 6d (bin) shown in Figure 2. 

(For estimating the signal-to-noise ratio [SNR] , reference data can 
be transmitted [likewise under the control of the digital signal 
processor 72] from, for example, the transmitting/receiving device 
15 14 via the wire pair 12a, 12b to the transmitting/receiving device 

15, and compared there with comparison data previously stored in the 
transmitting/receiving device 15.) 

The more bits or, as the case may be, bit sequences there are allo- 
20 cated to a specific frequency band 6a, 6b, 6c, 6d (bin) , the smaller 
will be the spacing between sets of two valid code words and the 
greater will be the chance that the above-mentioned changes in am- 
plitude and phase occurring during switchover between operating 
modes will lead to bit errors and/or necessitate terminating and re- 
25 newing the DSL data connection. 

In the case of the transmitting/receiving device 14 shown here it is 
determined in advance for each frequency band 6a, 6b, 6c, 6d (bin) 
used - for example by performing a corresponding simulation in the 
30 digital signal processor 72 - how large the above-mentioned changes 
are in cosine oscillation amplitude and phase occurring during 
switchover between operating modes. 

This is done taking account of the transmission characteristics of 
35 the voice path, data path, and respective transmission channel. (The 
transmission characteristics of the transmission channel can be de- 
termined by, for example, sending out test signals under the control 
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of the digital signal processor 72 from the transmitting/receiving 
device 14 at the wires 12a, 12b and measuring the corresponding echo 
signals and/or evaluating the test signals sent in the transmit- 
ting/receiving device 15 . ) 

5 

The ascertained magnitude of the changes in cosine oscillation am- 
plitude and phase occurring during switchover between operating 
modes will then be used to determine whether or not the change in 
impedance will lead to bit errors and/or necessitate terminating and 
10 renewing the DSL data connection. 

If it is determined that the change in impedance would lead to bit 
errors and/or necessitate terminating and renewing the DSL data con- 
nection (and if the bit allocation must remain unchanged) , then - 

15 regardless of whether or not POTS or, as the case may be, ISDN 

(voice) data transmission is about to be effected - (shortly) before 
DSL data is transmitted the voice path will be put into the above- 
mentioned active operating mode (which is to say the switches 73, 74 
will be put into a conducting state and the switch 41a as well as 

20 the switches 40, 41b will be put into a non-conducting state) . 

Only at this point does DSL data transmission commence, which is to 
say only then is the first DSL metaframe sent. (According to the DSL 
protocol, DSL data transmission takes place in each case within pre- 

25 defined time slices, which is to say within specific frames, with 

several [for example 69] different frames each of a predefined dura- 
tion being combined into one metaframe [followed by a further meta- 
frame structured analogously to the first, etc.]. The metaframes can 
each be of, for example, 10 to 25 ms - in particular approximately 

30 17 ms - duration. According to the DSL protocol the first frame of 
the respective metaframe is what is termed a synchronizing frame 
that is followed by several [for example 68] [useful] data frcones.) 

Alternatively, not the entire voice path (which is to say the voice- 
35 data interface circuit 2a, the analog/digital converting device 3a, 
and the signal processor 71) is put into the above-mentioned active 
state prior to the start of DSL data transmission but, instead, only 
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parts thereof, for example only the voice-data interface circuit 2a 
(high-voltage. SLIC 2a [SLIC: Subscriber Line Interface Circuit]) or, 
as the case may be, those parts required for impedance synthesis in 
the high-voltage SLIC or, as the case may be, in the interface cir- 
5 cuit 2a - by, for example, dc-isolating said parts from the others 
after closing of the switches 73, 74 by switching over corresponding 
further switches. 

Power dissipation in the voice path can be reduced by said means. 

10 

(Shortly) following completion of DSL transmission (which is to say 
when the last of the above-mentioned, successively sent metaframes 
has been sent) the voice path (or the above-mentioned parts thereof) 
will be returned to the above-mentioned passive operating mode 
15 (which is to say the switches 73, 74 will be returned to a non- 
conducting state and the switch 41a as well as the switches 40, 41b 
will be returned to a conducting state) - unless POTS or, as the 
case may be, ISDN (voice) data transmission now has to be carried 
out. 

20 

To effect the above-described changeover of the voice path or, as 
the case may be, corresponding parts thereof into the above- 
mentioned active or, as the case may be, passive state, correspond- 
ing control signals are supplied by the digital signal processor 72 

25 via a line pair 85 to a controller 86 which, by transmitting corre- 
sponding activating or, as the case may be, deactivating control 
signals via lines 87, then correspondingly activates or, as the case 
may be, deactivates the voice path or, as the case may be, the 
voice-data interface circuit 2a, the analog/digital converting de- 

30 vice 3a, and the signal processor 71. 

Alternatively or in addition to the above-explained method the fol- 
lowing method is also employed for the trsmsmitting/receiving device 
14 shown here (and analogously also for, for example, the transmit- 
35 ting/receiving device 15) to avoid bit errors or, as the case may 
be, retraining processes (Method II) : 
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If, as explained above, it is determined by the digital signal proc- 
essor 72 that the change in impedance occurring during changeover 
between voice path operating modes would lead to bit errors and/or 
necessitate terminating and renewing the DSL data connection, the 
5 bit allocation will be changed by the digital signal processor 72. 

This is possible because DSL data can generally be transmitted via 
the wires 12a, 12b at a much faster data rate than is permitted by 
the respective network provider. 

10 

For this reason, in many cases not as many bits have to be allocated 
to a specific frequency band 6a, 6b, 6c, 6d (bin) as would actually 
be possible according to the respective signal-to-noise ratio. 

15 It is possible, therefore, for the digital signal processor 72 to 
remove from frequency bands 6a, 6b, 6c, 6d (bins) bits originally 
allocated to them in the case of which the change in impedance oc- 
curring during changeover between voice path operating modes would 
lead to bit errors (preferably from frequency bands 6a in the lower 

20 frequency range) . 

Said bits can then be allocated to frequency bands 6a, 6b, 6c, 6d 
(bins) to which, according to the above-mentioned signal-to-noise 
ratio, (actually) more bits can be allocated than originally took 
25 place (preferably to frequency bands 6d in the upper frequency 
range) . 

The digital signal processor 72 then performs another simulation and 
determines the magnitude, after the bit allocation has been changed 

30 for each frequency band 6a, 6b, 6c, 6d (bin) used, of the above- 
mentioned changes occurring in cosine oscillation amplitude and . 
phase during changeover between operating modes - or, as the case 
may be, whether or not the change in impedance will lead to bit er- 
rors and/or necessitate terminating and renewing the DSL data con- 

35 nection. 
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If so, the allocation of the bits to the individual frequency bands 
6a, 6b, 6c, 6d will, if applicable, be changed again etc., and/or 
the above-described first bit error avoidance method (Method I) will 
alternatively then be carried out. 



